Introduction
to BP determination contributes to white-coat hyperIn successive blood pressure (BP) readings in the tension, that is, the presence of arterial hypertenclinic or physician's office, the first reading is fresion, defined on the basis of BP measured in a cliniquently elevated, with systolic BP (SBP) reportedly cal setting, in subjects who have normal ambulatory exceeding subsequent readings by as much as 50 or self-measured BP outside the physician's mm Hg.
1-7 A much smaller and sometimes neglioffice. 10, 12 Much of the relevant literature has gible difference is observed for diastolic BP (DBP). 8 focused on the pressure response as leading to misThis response may persist over several visits, classification of hypertension. 12, 13 Several studies, despite increasing familiarity with the clinic however, have attempted to determine whether environment. [4] [5] [6] It also varies greatly in magnitude white-coat hypertension elicits end-organ change or between individuals.
3,4,7 poses a cardiovascular risk; some have shown posiThe exaggerated pressure response, termed alerttive findings, 12,14-16 whereas others have not. 17, 18 ing reaction, 2-4 white-coat effect, or conditioned With the exception of one work by Stein et al, 19 defense response, 8 has been attributed to psychofew prospective studies have been conducted to logical factors. Support for this assumption has been explore whether the pressure response to BP deterprovided by observations that the magnitude of the mination independently predicts BP change over response depends on the authority, familiarity, and time. In the study of Stein et al, 19 performed in pregender concordance with the examiner.
3,9-11 There school children, no association was found between is also evidence that the pressure response is related pressure responsivity and BP change over 16 to personality traits such as hostility, 9 but not to months. On the basis of evidence suggesting that responses to standardized laboratory stressors. 4, 8 white-coat hypertension may represent a prehypertensive state, BP values to BP determination) would display an Psychological tests elevated baseline BP on follow-up, compared to low To explore whether over-responsivity to BP determiresponders. We tested this hypothesis in a large samnation may be associated with certain personality ple of industrial male workers (excluding medicated dispositions and/or psychoneurotic symptoms, the hypertensives) who were followed up for 2-4 years.
following measures were included at entry: trait anger, 22 emotional reactivity, 23 somatic complaints, 24 irritability, 25 anxiety, 26 and depression. Between 1985 and 1987, 4318 men from 21 factories Of the original 4318 men, 119 were outside the age in Israel, engaged in sedentary or physical work, range of 20-64 years. Also excluded were 266 perwere screened for cardiovascular risk factors in the sons receiving antihypertensive medication and 119 CORDIS study (Cardiovascular Occupational Risk with missing data. Thus, the initial sample consisted Factor Determination in Israeli Industries). The of 3804 men. Out of the 1333 retained for this folexaminations were offered free of charge. The numlow-up study, 116 were excluded, 79 because they ber of individuals examined represents a response were receiving antihypertensive medication and 37 rate of 60% of the potential target population. Failfor missing data. Thus, the final follow-up sample ure to comply was largely due to technical and logisconsisted of 1217 subjects. There were no significant tic factors rather than worker refusal to participate. differences between the two groups, although there Between 1988 and 1990 attempts were made to rewas a trend for lower age (P Ͻ 0.06) and cigarette examine the original subjects. Owing to the smoking (P Ͻ 0.06) in those who were lost to followdepressed state of the economy during the followup (see Table 1 ). up period, several of the factories had closed, and in others there had been large-scale worker dismissals. As a result, only 1333 men of the original Statistical analyses cohort were available for re-examination. The average time between examinations was 2.6 years, and
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Subjects and methods
Study population Exclusions
The SAS package was used for data editing and statthe range was 2-4 years.
istical analyses. Univariate analysis was used to compare the different variables between the study population and those who were lost to follow-up.
Interview data
Corrections were made for multiple comparisons.
The difference between the first and fourth BP readInformation collected at entry on each participant ing (responsivity) was calculated, and the workers by interview was consisted of demographic data, were divided into two groups; those with more than personal habits, and medical history, including peran average decrease in SBP and those with less than manent medication use. The health-related habits an average decrease in SBP. Logistic regression was examined were smoking (cigarettes/day), coffee conused in an attempt to predict those with an elevated sumption (cups/day), and alcohol consumption baseline SBP on follow-up (SBP у140 mm Hg, aver-(converted into an estimate of milliliters/month).
aging the third and fourth readings). Although all Also recorded were job titles and physical activity variables were entered into the analysis, only those at work and outside of work.
with a P value of less than 0.1 for the entire cohort were retained in the regression results. Odds ratio (OR) and 95% confidence interval (CI) were calcuPhysical examination lated. Physical examinations, at entry and at follow-up, including height, weight and BP measurements, were carried out in the non-fasting state between 
Results
Pressure responsivity to BP determination and its relation to baseline BP value at entry
The mean values across the four BP determinations for the initial study sample (n = 3804) are depicted in Figure 1 . As expected, the alerting response was more evident for SBP. We can clearly see that the first value was the highest and declined at an almost even rate with successive readings. Result of oneway ANOVA with repeated measures demonstrated a significant overall time effect (P Ͻ 0.0001). The average difference between the first and fourth readings (reflecting the magnitude of the pressure response to BP determination) was 6.35 ± 0.17 mm Hg. Such a difference, albeit significant (P Ͻ 0.0001), was very small for DBP (1.19 ± 0.15 mm Hg), and of no clinical significance. Thus, only SBP responsivity was used in subsequent analyses. Further analysis indicated that the magnitude of the pressure response was negatively correlated (r = responders were defined as those displaying a higher pressure response than the average value for −0.18, P Ͻ 0.0001) with the baseline value (on average of the third and fourth BP readings). The mean their respective subgroup with similar baseline values. To illustrate, of the persons with baseline values (and s.e.) of the pressure response by grouping of the baseline SBP values are depicted in Figure  SBP values ranging from 101 to 110 mm Hg, those with a pressure response of more than 7.5 mm Hg 2. Inspection of this figure shows that the systolic pressure response declined with an increase in basewere considered high responders. The other cutoff points were: 6.8, 3.7, 2.2 and 4.3, respectively. Using line values.
Last examined was the correlation between SBP this procedure, 43% of the total (initial) sample were classified as high responders. The proportion responsivity and the psychological variables. There was no significant correlation for any of the variof high responders was similar (47%) in the subsample of 1217 men who remained in the follow-up. ables tested: trait anger, emotional reactivity, somatic complaints, anxiety, irritability and depression.
Pressure response and elevated SBP at 2.6 years follow-up Definition of high and low responders
The average increase in the baseline SBP value at 2.6 years of follow-up was 2.07 mm Hg. Of the 1072 Given that the average magnitude of the pressure response was related to the baseline value, high SBP participants who had normal BP values at entry, 106
Figure 1 Mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) at four successive determinations. tested by applying the above logistic regression model (Table 4 ). The initial baseline SBP value SBP = systolic blood pressure; DBP = diastolic blood pressure.
proved to be nonsignificant (OR = 1.2, 95% CI 0.6-2.38, P = 0.615). By contrast, SBP responsivity was highly predictive of SBP elevation (OR = 4.0, 95% CI had elevated SBP (у140 mm Hg) at follow-up. The 2.0-8.0, P Ͻ 0.001). Age also remained significant. total number of persons at follow-up with elevated Finally; we wanted to ensure that the predictive SBP was 179. The major hypothesis of this study, power of SBP responsivity reported above for the that pressure response at entry would predict eleventire sample did not stem from the inclusion of peration of BP at follow-up, was first tested through sons with high normal or elevated baseline SBP univariate analysis, which contrasted the percentage values at entry. We applied the same logistic of high pressure responders among those with norregression model to the subgroup of persons with mal SBP values and among those with elevated SBP baseline SBP values less than 130 mm Hg. The values. Included in this analysis were other potenresults indicated that SBP responsivity was predictial predictors/confounders. The results are given in tive of elevated SBP at follow-up also in this sub- Table 2. group (OR = 2.5, 95% CI 1.2-5.1, P Ͻ 0.02). Other These results show that the percentage of high predictors again were baseline SBP (by 10 mm Hg, responders (62.6%) was significantly higher among OR = 4.2, 95% CI 2.4-6.7, P Ͻ 0.001) and age (by persons with elevated SBP values, compared to that 10 yrs, OR = 1.7, 95% CI 1.3-2.4, P = 0.006), but not among persons with normal SBP values (43.4%) (P BMI (by quartiles, OR = 1.3, 95% CI 0.95-1.8, P = Ͻ0.0001). Significant differences in the expected 0.103). Thus, taken together these results confirm direction were also observed for initial SBP (P the predictive power of SBP responsivity across all Ͻ0.0001) and DBP (P Ͻ0.0001), age (P Ͻ0.0001) and range of baseline SBP values. BMI (P Ͻ0.0001). No significant results were obtained for occupational status (blue vs white collar work), physical effort at work, smoking and alcoDiscussion hol consumption.
To date, nearly all studies of pressure response to The ability of the pressure response to predict BP determination at the physician's office have dealt elevation of SBP at follow-up was tested in multiwith the measurement error it introduces 3-5 and the variate analysis, using logistic regression. The variconsequent overestimation of baseline values conables found to be significant in the univariate analytributing to the diagnosis of white-coat hypertensis were entered into the regression. The results are sion. 10 The findings of this large-scale follow-up given in Table 3 . For every 10 mm Hg increase in study show that this response may also be predictive the initial SBP there was a 3.4 times higher chance of elevated SBP (у140 mm Hg) with time. Logistic of an elevated SBP (у140 mm Hg) at follow-up.
regression results indicated that after controlling for Additionally, SBP responsivity was found to be an baseline SBP values, age, and BMI, persons with independent predictor, with OR = 2.7. This was also high initial SBP responsivity had a 2.7 times greater true for age, but not for BMI.
As a matter of interest, we tested also the capa- chance (95% CI 1.8-4.1, P Ͻ 0.0001) of having an regression analysis presented in Table 3 , with defining SBP responsivity as a difference from the second elevated SBP after 2.6 years of follow-up. We are unaware of any previous studies in adults that have reading to the fourth (both taken in the sitting position). The results for the SBP responsivity tested the hypothesis that pressure hyper-responsivity is an independent predictor of elevated BP over remained significant (OR = 1.96, 95% CI 1.31-2.95, P = 0.0012). time. Additional significant predictors were baseline SBP values (OR = 3.4, 95% CI 2.8-4.1, P Ͻ 0.001) It is difficult to suggest a possible underlying mechanism for the association between SBP responand age (OR = 1.5, 95% CI 1.3-1.8, P Ͻ 0.001). Other possible confounders such as smoking, alcohol consivity and elevation in SBP with time. There is no evidence, as yet, that persons manifesting an exagsumption, BMI, blue collar work and physical effort at work did not predict subsequent SBP levels.
gerated pressure response to BP determination would manifest a similar cardiovascular response to An additional noteworthy finding here was that in persons with high-normal initial baseline SBP other psychological stressors. 8 No association was found here between SBP responsivity and personvalues (130-139 mm Hg), SBP responsivity was highly predictive of elevated SBP with time (OR = ality disposition (anger trait, emotional reactivity) or psychoneurotic symptoms (somatic complaint, anxi-4.0, 95% CI 2.0-8.0, P Ͻ 0.001), whereas the baseline value was not (OR = 1.2, 95% CI 0.6-2.58, P = ety, irritability and depression). However, generalizing from recent findings concerning white-coat 0.615). These findings if replicated in future studies, may contribute to the long-standing efforts to prehypertension, 20, 21 we may hypothesize that the excessive pressure response might signify a prehydict later sustained hypertension in persons with high-normal baseline BP values. Further analysis of pertensive state. Given that this pressure response is very easy to gauge, it is possible to accumulate the data also indicated that the above predictive value of SBP responsivity in the total cohort did not new data or to utilize existing databases with longer follow-up periods to crossvalidate the present findstem from high normal baseline SBP values; repeating the analysis for persons with lower baseline SBP ings and determine the effect of a longer interval. values (Ͻ130 mm Hg) yielded similar results (OR = 2.5, 95% CI 1.2-5.1, P Ͻ 0.02).
